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TUNING OF A RADIO RECEIVER 

The present invention relates to a method of tuning a 
radio receiver to a desired frequency. 

BACKGROUND OF THE INVENTION 

In particular the invention relates to the automatic control 
of the tuning circuits of the radio receiver of a pager, 
operable in RDS/MBS networks, in the course of the pro 
duction tuning and use of the pager. The pager operates in 
the standard FM radio frequency range (88 to 108 MHz). A 
received signal has been modulated into a third harmonic 
(57 kHz of the 19 kHz subcarrier wave in a standard stereo 
transmission. The pager scans the frequency range to ?nd a 
station in the stereo transmission whereof said 57 kHz 
subcam'er wave is found. The radio receiver of the pager is 
a super-receiver, and it is narrow-banded compared, e.g., 
with mobile phones, because of which continuous tuning of 
the tuning circuits is indispensable to comply to the fre 
quency. Continuous tuning is required of the antenna, the 
narrow-banded ?lters, e.g., the ?lter after the RF ampli?er 
(two circuits), and a ?rst local oscillator, all of which in the 
present context are usually called tuning circuits. 
A principle block diagram of a prior art pager, i.e. of a 

radio receiver of the super type is shown in FIG. 1. The 
pager comprises an antenna 1 which receives signals and in 
which the resonance frequency has to be tuned to the 
receiving frequency. From the antenna the signal passes to 
a radio frequency RF ampli?er 2 in which the received 
signal is ampli?ed. From the ampli?er 2 the signal travels 
via radio frequency ?lters 3a, 312, wherein the desired 
frequencies are ?ltered from the received signal. These 
?lters 3a, 3bare narrow-band ?lters, that is why it is impor 
tant that they are tuned to the receiving frequency. The signal 
output by the radio frequency ?lters 3a, 3b is mixed in a 
mixer 5 to produce an intermediate frequency with the aid of 
a frequency obtained from a local oscillator 4. In order to 
time the signal to a desired intermediate frequency, it is 
important that the frequency provided by the local oscillator 
4 can be controlled to conform to the frequency of the signal 
to be received. From the mixer 5, the signal is fed to an 
intermediate frequency section 6 where, e.g., ?lters are 
provided for ?ltering a desired signal at the intermediate 
frequency from the frequencies provided by the mixer 5, and 
then to circuits for processing the intermediate frequency 
signal. 
The FM detected low-frequency signal obtained from the 

intermediate-frequency signal is fed to a data decoder in 
which the data received by the pager is processed into a form 
in which a message can be transmitted, e.g., to the display 
of the pager. Accordingly, a data decoder may comprise, in 
addition to the data processing circuits, for instance display 
control circuits and/or ampli?ers to amplify the signal. In 
addition, the pager comprises a control means 8, preferably 
a D/A converter, for controlling the frequencies of the tuning 
circuits 1, 3a, 3b, and 4. 
The basic tuning process for the tuning circuits is usually 

carried out during the production process by controlling 
manually the inductance or capacitance of the tuning circuit. 
The transmission of the frequency of the pager, while in 
operation, is accomplished by controlling the voltages of the 
capacitance diodes of the tuning circuits with the aid of a 
common DA converter. The capacitance of the capacitance 
diode changes as a function of tho voltage and, by changing 
the capacitance of each tuning circuit, they can be tuned on 

10 

20 

25 

35 

45 

SO 

55 

60 

65 

2 
another frequency (the frequency band of the ?lter can be 
shifted, the resonance frequency of the antenna can be 
changed, and the frequency of the local oscillator can be 
affected). A second alternative is to use a control capacitor 
instead of the DA converter and the capacitance diodes, 
though this is not very practical; instead, the common 
control of the tuning circuits with one DA converter is an 
easier, more sophisticated and space saving control proce 
dure. 

Thus, for tuning the tuning circuits only one DA converter 
is conventionally used, with the output voltage of which all 
tuning circuits are controlled where the capacitance of the 
capacitance diodes is changed by changing the direct voltage 
provided by the DA converter. Thus, the tuning of the 
super-receiver, while in operation, is accomplished by con 
trolling all tuning circuits of the receiver at the same time 
while only one quantity is being changed (voltage, capaci 
tance, or inductance). This causes a so-called synchroniza 
tion problem, i.e., the tuning circuits of the receiver are not 
precisely in alignment with the frequency to be received in 
the various points of the frequency range to be received 
because in the course of the production of the receiver the 
basic tuning must be accomplished manually and part of the 
tuning circuits are thereafter ?xed or they will be tuned only 
in conjunction with the other tuning circuits. The basic 
tuning is usually accomplished by means of iteration in the 
lower and upper ends of the frequency range, whereby the 
precise tuning is achieved only with regard to part of the 
frequency range (upper or lower end) whereas external to 
said part of the range, the tuning may be offset as regards 
certain tuning circuits, and will thus cause deterioration in 
the operation as regards the reception sensitivity. Associated 
with the basic tuning, su?icient attention must be paid to the 
so-called synchronization between different tuning circuits. 
This will also lead to a lengthened tuning incident because 
the correct tuning must be provided by iteration. The pro 
cedure is conventional and generally used in the production 
of all narrow-banded super-receivers. 

SUMMARY OF THE INVENTION 

According to a ?rst aspect of the present invention there 
is provided a method of tuning a radio recover, comprising 
a plurality of timing circuits, to a predetermined frequency, 
in which method the frequency of each tuning circuit is 
controlled by controlling an electrical characteristic of the 
tuning circuit with the aid of a control means, characterized 
in that for each tuning circuit an individual control means is 
provided with which the frequency of the tuning circuit 
associated therewith can be controlled independently of the 
other tuning circuits, whereby the optimal control values of 
each control means are de?ned at least in two points of the 
frequency range of the radio receiver, these control values 
being stored in a memory provided in the radio receiver, and 
on the basis of which the control values are calculated for 
each control means for the entire frequency range. 

According to a second aspect of the present invention 
there is provided: a radio receiver, comprising a plurality of 
tuning circuits for tuning the receiver to the frequency to be 
received; control means, characterized in that the receiver 
comprises a control means for each tuning circuit for con 
trolling the frequency of the tuning circuit associated there 
with independently of the other tuning circuits; a memory 
for storing control values associated with the control means; 
and a rnicrocontroller for controlling the control means, and 
for calculating the control values thereof for each receiving 
frequency on the basis of the control values in the memory. 
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An advantage of the present invention is the disclosure of 
a method with which the requirement for tracking is elimi 
nated by tuning the tuning circuit of each receiver individu 
ally, independent of the tuning values of the other tuning 
circuits. With this method a uniform reception sensitivity is 
achieved within the entire frequency range. 

Thus, a further advantage of the method of the invention 
is to accomplish, in addition to the tuning when in use, also 
the basic tuning (with the aid of DA converters). The radio 
receiver is provided, instead of the prior single converter, 
with a number of independent converters, i.e., each tuning 
circuit is provided with a converter of its own. Since each 
circuit to be tuned is provided with a control means of its 
own, preferably a DA converter, the requirement concerning 
tracking within the entire frequency range is eliminated. The 
circuits of the radio receiver to be tuned have been so 
designed that on the minimum and maximum capacitances 
of the capacitance diodes the entire frequency range required 
will be covered. 

BRIEF DESCRIPTION OF THE DRAWINGS 

An embodiment of tho present invention will now be 
described, by way of example, with reference to the accom 
panying drawings in which: 

FIG. 1 presents a principle block diagram of a prior art 
radio receiver design; 

FIG. 2 presents a simpli?ed block diagram of a radio 
receiver in accordance with the invention; and 

FIG. 3 shows an arrangement in the basic tuning in a radio 
receiver in accordance with the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

A simpli?ed block diagram of a radio receiver in accor 
dance with the invention is presented in FIG. 2. An essential 
difference therein compared with the prior art receiver FIG. 
1 is that the control circuit 8' comprises an individual DA 
converter 8 for each tuning circuit. In addition, it includes a 
microcontroller 9 for controlling the operation of the radio 
receiver and the DA converters 8, said controller comprising 
internal ROM and RAM memories, and an EEPROM 
memory 10 to be written and erased electrically, for storing 
the control values of the DA converters 8. The arrangement 
shown in FIG. 2 may, in fact, be somewhat varied so that, 
e. g., both the EEPROM memory 10 and the control circuit 
.8’ may be included in the microcontroller 9 and the ROM 
and RAM memories are possibly separate circuits. The 
method in accordance with the invention and the operation 
of the radio receiver are described below more in detail with 
reference to FIGS. 2 and 3. In the tuning incident, a pager 
is placed in a so-called tuning jig, and a carrier wave on the 
tuning frequency is fed to the tuning antenna in the jig (FIG. 
3). A tuning signal is produced by a signal generator 12, 
comprising for instance, a pager RF signal generator for 
generating a test signal (a tuning signal). A tuning signal on 
the radio frequency, produced by the signal generator 12, is 
applied to the antenna 11, whereby the tuning antenna 1 
connected to the pager receives the signal. 

In the basic tuning process the received signal, in IF form, 
is conducted from the intermediate frequency part 6 of the 
radio receiver (FIG. 2) to a voltmeter 13 measuring the 
voltage level of the intermediate-frequency signal IF and 
transmitting information thereof to the computer 14 control 
ling the measurement and the basic tuning. On the basis of 
the power level of the intermediate-frequency signal IF the 
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4 
computer 14 keeps controlling, with the aid of the processor 
9 of the pager, the capacitance diodes of the tuning circuits 
in the radio until the maximum power level of the interme 
diate-frequency signal IF is reached. The measurement is 
carried out at least in two different points of the receiving 
frequency range. The more points there are in which the 
measurement is carried out, the more accurate result is 
obtained. In a reception frequency range the values may 
therefore be measured, for instance, in sixteen frequency 
points. During the production process of the radio receiver, 
the correct values of the D/A converters 8 are stored in the 
EEPROM circuit 10 of the apparatus, in the measured points 
of the frequency range to be received. 
The microcontroller circuit 9 reads the tuning values from 

the EEPROM circuit 10 and on the basis thereof, forms with 
the aid of a mathematical model (based on the program it 
includes) the tuning values of the DA converters 8 corre 
sponding to each point of the frequency range to be received. 
The basic tuning process may also be accomplished on a 

basis other than the power level of the intermediate-fre 
quency signal IF. Thus, the basic tuning is accomplished in 
conjunction with the production, and the aspect has no 
signi?cance with regard to the present invention in what way 
the tuning values of the DA converters 8 are de?ned. Instead, 
the essential feature is that the optimal control values are set 
for them at least in two frequency points on the basis 
whereof the control values can be calculated for each DA 
converter 8 for the entire frequency range. 

In an operational situation when a pager is seeking a 
station transmitting a data signal, the micro-controller 9 
calculates every time the tuning data corresponds to the 
prevailing frequency and feeds the data to the DA converters 
8, whereby the digital tuning information provided by the 
microcontroller 9 is, with the aid of the DA converters 8, of 
the control circuit 8' converted into an analog voltage signal 
controlling the capacitance diodes of the tuning circuits (or 
the capacitances thereof). In this manner, an accurate and 
stable tuning result is obtained within the entire receiving 
frequency range. 
As said previously the tuning values for the DA-convert 

ers for every frequency point, i.e. for the whole reception 
frequency range can be calculated on the basis of at least two 
measured frequency points with a mathematical model. A 
mathematical model can be expressed, e.g., as a set of 
equations which express the relationship between frequency 
and DA-converter settings. Different approaches can be used 
to construct such a model: the model can be linear or 
logarithmic. A general model expressing the parameters 
which need to be considered in the model is expressed in the 
following form 

j(DAC|)=G(?Fh,Fl,ai,bi,c1) 

in which 

j (DACi) is the counts in the DA-converter tuning stage i, 
G is a general function to be constructed, 
f is the frequency for which a stage i (tuning circuit) is to 
be tuned, 

F1 is low end frequency (e.g. 87.5 MHz), 
Fh is high end frequency (e.g. 108 MHz), 
ai is bandwidth compression factor for stage i, 
bi is bandwidth o?set factor for stage i, and 
ci is a third constant. 
In order to relate the DA-converter tuning values to an 

absolute frequency the positions of both minimum and 
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maximum frequencies of operation need to be determined. 
The frequency range for the ideal tuning range can be 
determined by frequencies F1 and Pb, whereby the band 
width is BW=Fh—Fl, and the real tuning range can be 
de?ned to be between frequencies Fl‘ and Pb‘. From this the 
above shown parameters ai and hi can be de?ned so that 

The limits for the values for ai and bi are theoretically 
0<ai<l and 0<bi<l and practically these limits are O.3<ai<l 
and 0.5<bi<1. 
One example for a linear model is expressed by the 

_ . BWxg 
f-bzxFl+ aiXRi x 

following equation: 

(L‘i - 1) 

ln(ci) 

in which Ri is the resolution, which can be Ri=2ri, where ri 
is the number of bits of the DA converter, and for ci a value 
of 1 can be used. 
An example of a logarithmic model can be expressed by 

the following equation: 

in which Kl can be derived from the equation j(DACi)-Kl>< 
(1-e”), where fr stands for a relative frequency determined 
by 

One skilled in the art may develop different models which 
could be used in the present invention for the calculation of 
the tuning values for a speci?c frequency. For example, a 
simpler model without the parameter ci could be used for the 
linear model and a more sophisticated model with the 
parameter ci could be used for the logarithmic model. 
The invention is not restricted to the examples presented 

in the foregoing, and it can be modi?ed within the scope of 
the accompanying claims. Thus, instead of DA converters, 
other control circuits can be used, such as trimmers, for 
tuning each tuning circuit individually in separation, pref 
erably by means of direct voltage, with which the capaci 
tance, or capacitances, of a capacitance diode of the tuning 
circuit is changed, or instead of capacitance diodes an 
individual control capacitor can be used for each tuning 
circuit. The invention can be used for tuning tuning circuits, 
not only in pagers but also in any apparatus provided with 
a radio receiver, such as a radio phone. 

In view of the foregoing it will be clear to a person skilled 
in the art that modi?cations may be incorporated without 
departing from the scope of the present invention. 
What we claim is: 
1. A method for the continuous tuning of tuning circuits 

in a radio receiver comprising a plurality of tuning circuits, 
each having a de?ned frequency range, selectable electrical 
characteristics, and being tunable to a predetemiined fre 
quency, which method comprises the steps of: 

providing individual control means, each of said control 
means comprising a digital to analogue converter and 
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6 
having control values including optimal control values, 
for independently controlling the frequency of respec 
tive tuning circuits, each comprising a capacitance, by 
determining the selection of said selectable electrical 
characteristics; 

controlling the frequency of each tuning circuit by select 
ing an electrical characteristic of the tuning circuit with 
the aid of its respective control means and capacitance 
independently of the other tuning circuits; 

de?ning the optimal control values for each control means 
in terms of at least two points of the de?ned frequency 
range of its tuning circuit; 

storing said optimal control values in a memory provided 
in the radio receiver, said stored values being the basis 
of which the control values are calculated for each 
control means for the entire de?ned frequency range; 
and 

using said stored values with the aid of a mathematical 
model to calculate the control values of the control 
means for determining the electrical characteristic to be 
selected by each control means to tune its respective 
tuning circuit to its predetermined frequency, and 
wherein said mathematical model is linear and 
expressed in the parameters as follows: 

where 
j(DACi) is the counts in the digital to analog converter 

stage i, 
G is a general function to be constructed, 
f is the frequency for which a tuning circuit stage i is to 

be tuned, 
P1 is a low end frequency, 
Fh is a high end frequency; 
ai is a bandwidth compression factor for tuning circuit 

stage i, and 
bi is a bandwidth o?’set factor for tuning circuit stage i. 
2. A method as claimed in claim 1, wherein the capaci 

tance of each tuning circuit comprises a capacitance diode 
and the tuning of each tuning circuit is controlled by 
controlling the voltage of said capacitance diode included in 
the tuning circuit. 

3. A method as claimed in claim 2, wherein the voltage of 
the capacitance diode of each tuning circuit is controlled 
with the aid of the digital to analogue converter of said 
control means provided for each tuning circuit. 

4. A method as claimed in claim 2, wherein said radio 
receiver comprises means for producing an intermediate 
frequency signal having a power level and the optimal 
control values of each control means are obtained by mea 
suring, at least in two points of the frequency range of each 
tuning circuit of the radio receiver, the power level of the 
intermediate-frequency signal thereof, while controlling 
with the control means the capacitance diodes of the tuning 
circuits so that as high a power level of the intermediate 
frequency signal as possible is obtained and, the control 
values of each control means obtained for said frequency 
points are stored as said optimal control values in the 
memory. 

5. A method as claimed in claim 1, wherein each of said 
control means comprises a trimmer. 

6. A radio receiver, comprising a plurality of tuning 
circuits for continuous tuning of the receiver to a frequency 
to be received, said receiver comprising: 

a control means for each tuning circuit for controlling the 
receiving frequency of the tuning circuit associated 
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therewith independently of the other tuning circuits, 
said control means having control values including 
optimal control values for determining the receiving 
frequency of the associated tuning circuit and compris 
ing a capacitance in said associated tuning circuit, said 
capacitance in each tuning circuit comprising a capaci 
tance diode for changing the receiving frequency of the 
tuning circuit and said control means for each tuning 
circuit further comprising a digital to analogue con 
verter connected to the capacitance diode for feeding a 
control voltage thereto; 

a memory for storing control values associated with the 
control means; and 

a micro-controller for controlling the control means, and 
for calculating the control values thereof with the aid of 
a mathematical model for determining each receiving 
frequency on the basis of the control values stored in 
the memory, and wherein said mathematical model is 
linear and expressed in the parameters as follows: 

where 

j(DACi) is the counts in the digital to analog converter 
stage 

G is a general function to be constructed, 
f is the frequency for which a tuning circuit stage i is to 

be tuned, 
Fl is a low end frequency, 
Fh is a high end frequency, 
ai is a bandwidth compression factor for tuning circuit 

stage i, and 
bi is a bandwidth offset factor for tuning circuit stage i. 
7. A radio receiver as claimed in claim 6, wherein said 

tuning circuits comprise an antenna, radio frequency ?lters, 
and a local oscillator. 

8. A radio receiver as claimed in claim 6, further com 
prising means for interfacing to external apparatus for 
accomplishing the basic tuning thereof. 

9. A radio receiver as claimed in claim 6, further com 
prising: 

means for producing an intermediate-frequency signal 
having a power level; and ' 

wherein said micro-controller comprises: 
means for obtaining the optimal control values of each 

control means by measuring, at least in two points of 
the frequency range of each tuning circuit of the radio 
receiver, the power level of the intermediate-frequency 
signal thereof, while controlling with the control means 
the capacitance diodes of the tuning circuits so that as 
high a power level of the intermediate-frequency signal 
as possible is obtained; and 

means for inputting the control values of each control 
means obtained for said frequency points as said opti 
mal control values in said memoryv 

10. A radio receiver as claimed in claim 6, wherein said 
control means for each tuning circuit further comprises a 
trimmer connected to the capacitance diode for feeding a 
control voltage thereto. 

11. A method for the continuous tuning of tuning circuits 
in a radio receiver comprising a plurality of tuning circuits, 
each having a de?ned frequency range, selectable electrical 
characteristics, and being tunable to a predetermined fre 
quency, which method comprises the steps of: 

providing individual control means, each of said control 
means comprising a digital to analogue converter and 
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8 
having control values including optimal control values, 
for independently controlling the frequency of respec 
tive tuning circuits, each comprising a capacitance, by 
determining the selection of said selectable electrical 
characteristics; 

controlling the frequency of each tuning circuit by select~ 
ing an electrical characteristic of the tuning circuit with 
the aid of its respective control means and capacitance 
independently of the other tuning circuits; 

de?ning the optimal control values for each control means 
in terms of at least two points of the de?ned frequency 
range of its tuning circuit; 

storing said optimal control values in a memory provided 
in the radio receiver, said stored values being the basis 
of which the control values are calculated for each 
control means for the entire de?ned frequency range; 
and 

using said stored values with the aid of a mathematical 
model to calculate the control values of the control 
means for determining the electrical characteristic to be 
selected by each control means to tune its respective 
tuning circuit to its predetermined frequency, and 
wherein said mathematical model is linear and 
expressed in the parameters as follows: 

where 
j(DACi) is the counts in the digital to analog converter 

stage i, 
G is a general function to be constructed, 
f is the frequency for which a tuning circuit stage i is to 

be tuned, 
F1 is a low end frequency, 
Fh is a high end frequency, 
ai is a bandwidth compression factor for tuning circuit 

stage i, 
bi is a bandwidth oifset factor for tuning circuit stage i, 

and 
ci is a third constant. 
12. A method as claimed in claim 11, wherein each of said 

control means comprises a trimmer. 
13. A method as claimed in claim 11, wherein the capaci 

tance of each tuning circuit comprises a capacitance diode 
and the tuning of each tuning circuit is controlled by 
controlling the voltage of said capacitance diode included in 
the tuning circuit. 

14. A method as claimed in claim 13, wherein the voltage 
of the capacitance diode of each tuning circuit is controlled 
with the aid of the digital to analogue converter of said 
control means provided for each tuning circuit. 

15. A method as claimed in claim 13, wherein said radio 
receiver comprises means for producing an intermediate 
frequency signal having a power level and the optimal 
control values of each control means are obtained by mea 
suring, at least in two points of the frequency range of each 
tuning circuit of the radio receiver, the power level of the 
intermediate-frequency signal thereof, while controlling 
with the control means the capacitance diodes of the tuning 
circuits so that as high a power level of the intermediate 
frequency signal as possible is obtained and, the control 
values of each control means obtained for said frequency 
points are stored as said optimal control values in the 
memory. 

16. A radio receiver, comprising a plurality of tuning 
circuits for continuous tuning of the receiver to a frequency 
to be received, said receiver comprising: 
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a control means for each tuning circuit for controlling the ai is a bandwidth compression factor for tuning circuit 
receiving frequency of the tuning circuit associated stage i, 
therewith indcpmden?y of the other tuning clmlltsw bi is a bandwidth offset factor for tuning circuit stage i, 
said control means having control values including and 

L11 optimal control values for determining the receiving 
frequency of the associated tuning circuit and compris 
ing a capacitance in said associated tuning circuit, said 
capacitance in each tuning circuit comprising a capaci 
tance diode for changing the receiving frequency of the 
tuning circuit and said control means for each tuning to 
circuit further comprising a digital to analogue con 
verter connected to the capacitance diode for feeding a 
control voltage thereto; 

a memory for storing control values associated with the 
control means; and 15 

a micro-controller for controlling the control means, and 
for calculating the control values thereof with the aid of 
a mathematical model for determining each receiving 
frequency on the basis of the control values stored in 
the memory, and wherein said mathematical model is 
linear and expressed in the parameters as follows: 

ci is a third constant. 
17. Aradio receiver as claimed in claim 16, comprising an 

antenna, radio frequency ?lters, and a local oscillator. 
18. A radio receiver as claimed in claim 16, comprising 

interfaces to external apparatus for accomplishing the basic 
tuning thereof. 

19. A radio receiver as claimed in claim 16, further 
comprising: 
means for producing an intermediate~frequency signal 

having a power level; and 
wherein said micro-controller comprises: 

means for obtaining the optimal control values of each 
control means by measuring, at least in two points of 
the frequency range of each tuning circuit of the radio 

20 receiver, the power level of the intermediate-frequency 
signal thereof, while controlling with the control means 
the capacitance diodes of the tuning circuits so that as 

?DACDzGVFh F, at. his’) high a power level of the intermediate-frequency signal 
’ ’ ’ ’ as possible is obtained; and 

where 25 means for in utting the control values of each control 
P . . . . 

“DACD is the Counts in the digital to analog Convener means obtained for said frequency pomt as said optimal 
stage 1’ control values in said memory. 

G is a general function to be constructed 20. A radio receiver as claimed in claim 16, wherein said 
control means for each tuning circuit further comprises a 

30 trimmer connected to the capacitance diode for feeding a 
control voltage thereto. 

f is the frequency for which a tuning circuit stage i is to 
be tuned, 

Fl is a low end frequency, 

Fh is a high end frequency, * * >l< * * 
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